Immunomodulatory actions of xanthenone anticancer agents.
Derivatives of xanthenone-4-acetic acid (XAA) were developed as analogues of flavone-8-acetic acid (FAA), a drug with excellent activity against experimental tumours in mice but no clinical activity. XAA derivatives were found to differ from conventional cytotoxic agents by having little direct cytotoxic activity against cultured cells. However, they exhibit pronounced immunomodulatory activity, inducing natural killer activity in mice and stimulating peritoneal macrophages to kill cultured tumour cells. They also induce selective reduction in tumour blood flow, leading to tumour haemorrhagic necrosis. The key to these actions appears to be the induction of cytokines, including tumour necrosis factor (TNF) and interferons. Cytokines are thought to mediate the increase in natural killer activity, the in vitro killing of tumour cells, and, through effects on vascular endothelial cells, the reduction of tumour blood flow and consequent onset of tumour necrosis. Although the target of XAA derivatives is not known, there is evidence for species differences. In particular, FAA induces messenger RNA for TNF in cultured mouse cells but not in cultured human cells, whereas one of the XAA derivatives, 5,6-dimethylxanthenone-4-acetic acid (DMXAA), induces it in both murine and human cells. DMXAA is also more active and 12 times more dose potent than FAA in the mouse, and on this basis has been selected for clinical trials as a novel low molecular weight immunomodulatory antitumour agent.